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The crystallographic and magnetic properties of £.3A0 5-sMNg 5+RUy 5-O03 (A=Ca, Sr,Ba were inves-
tigated by means of neutron powder diffraction. All studied samples show the orthorhombic perovskite crystal
structure, space groupnma with regular(Mn, Ru)Og octahedra and no chemical ordering of the3¥land
Ru* jons. Ferromagnetic spin structures were observed bdlpw200—250 K, with an average ordered
moment of~1.8—2.Qug/(Mn,Ru). The observation of long-range ferromagnetism and the absence of orbital
ordering are rationalized in terms of a strong MiRu hybridization, which may freeze the orbital degree of
freedom and broaden the; valence band, leading to an orbital glass state with carrier-mediated

ferromagnetism.
DOI: 10.1103/PhysRevB.70.214416 PACS nuni®er75.25+z, 61.12.Ld, 75.50.Dd, 75.47.Lx
I. INTRODUCTION ions. The (Mn,Ru)Og octahedra are regular, and the

. . . . Mn—O—Mn bonding angles increase substantially from
The large variety of interesting physical phenomena Ob'A:Ca to Ba. Long-range FM structures @¥in,Ru) spins
served in manganese perovskites has motivated intensive iWere observed beloW.~ 200—250 K. with no évidence of
vestigations on the phase diagrams of these compounds N '

functi t chemical dopi i ¢ 88existing antiferromagnetic order parameters. The average
nurH: 'znﬁjon% Iertrt]ilcamiomn?’h erm)er:a u:ﬁ’ rp\:efisﬂe’ rTl;"’lgzérdered moment per transition-metal ion at 10K is
etic Tield, and atlice mismatch, among other variaples. a'~1.8—2.C)¢B/(Mn,Ru), substantially smaller than the

ey, number of ece ks e i GAOT g, ) exptied for  fotomagnet rderng
b Y grap rpigh-spin Mr#* and low-spin R* moments in an atomistic

sitel=3 The main focus has been on the influence of suc ; . X .

impurities on the relative strength of the ferromagnéfib) picture. No Ifatuce anomalies were obgerved n the studied

double exchange interactions against the competing tendem&;mperature interval. These results are interpreted in terms of
strong MA—Ru hybridization, which may freeze the ori-

for charge and orbital ordering of the I\’i'l*neg electrons. ; ; .
Less work has been performed in compounds with large leyEntation of the MR & orbitals as well as broaden tieg

els(>20%) of transition-metal substitution. For 50% substi- valence band, possibly leading to carrier-mediated ferromag-

tution, such mixed systems may be classified as double pep_etlsm.

ovskites, with possible transition-metal chemical ordefing.
The particular case of Ru substitution in manganites ap-
pears to yield interesting effects. It is believed that such ions
may be present in either low-spin Ru(4d:t3)) or RiP* Polycrystalline samples with nominal composition
(4d:t§g) electronic configurations, and are substantially moreLa, {Ca, sMng sRUy 503 (LCMR),  Lag sSty sMNng sRUy =05
covalent than the@ions. Previous works indicate that light (LSMR), and Lg sBa; sMng sRuy 05 (LBMR) were grown
Ru substitution strongly favors the ferromagnetic metallicby conventional solid-state reaction, as described in Ref. 6.
(FMM) states=35 This is opposite to the general trend ob- All measurements reported in this work were taken at the
served for other transition-metal substitutions in manganiteNIST Center for Neutron Research. The high-resolution
where theB-site disorder tends to disrupt the conduction andNPD measurements were performed on the BT-1 powder dif-
exchange paths, suppressing the FMM stdbespite these fractometer, using monochromatic beams  with
interesting results, relatively few details are presently knownr=1.54021) A and 2.07881) A produced by C(811) and
about the magnetism of heavily Ru-substituted manganiteszg311) monochromators, respectively. Collimations were
as well as on its possible coupling with the lattice degrees oi5’, 20', and 7 arc before and after the monochromator, and
freedom. before detectors, respectively. The intensities were measured
In this work, the crystal and magnetic structures ofin steps of 0.05° in @ range 3-168°. The samples were
Lag 5:5805-sMNg 5. RUp 503 (A=Ca,Sr,Ba are investi- placed into cylindrical vanadium cans. Crystal and magnetic
gated by means of high-resolution neutron powder diffracstructure refinements were carried out using the program
tion (NPD). All samples crystallize in an orthorhombic per- Gsas’ The nuclear scattering amplitudes are 0.827, 0.490,
ovskite structure, with no chemical ordering of Mn and Ru0.702, 0.525, -0.373, 0.721, and 0.5841101* m) for La,

Il. EXPERIMENTAL DETAILS
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T T T T T T T T T quent refinements in order to improve the stability of the
fitting procedure. The calculated NPD intensities using the
above model are given in Fig. (solid line), yielding good

fits to the observed intensities. The crystal structures of
LSMR and LBMR were also refined using the same ionic-
disordered model witfPnmasymmetry used for LCMR. The
refined structural parameters of LCMR and LBMR at 300 K
are given in Table |, together with selected bond distances
and bonding angles. The averageO bond distance(B
=Mn, Ru) assumes nearly the same valu€,.99 A, for both
LCMR and LBMR. Also, theBOg4 octahedra are nearly regu-
lar, since theB-O bond distances show only a small distri-
bution in both samples, within-0.02 A. The unit-cell vol-
ume shows a significant expansion for LBMR with respect to

FIG. 1. Observedcross symbolsand calculatedsolid line ~ LCMR. This is accomplished by a rotation of tB©s octa-
high-resolution neutron-diffraction intensities of hedra in order to increase tt#&O-B bonding angle, thus
Laos:sCahssMNosiRUps O3 at 300K, taken with »  €xpanding the average Ba-O bond distances with respect to
=1.54021) A. The difference profile is also given. Short vertical Ca8-O. We note that theB-O1-B angle increases from
lines correspond to Bragg peak positions for the main phaseey ~ 155.3212)° for LCMR to 163.23)° for LBMR, while the
and for the LaCgRuQ, impurity phase(lower). B-O2-B angle experiences a more significant change, from
155.5%7)° for LCMR to 175.54)° for LBMR.

Figures 2a) and 2b) show the temperature dependence of
the lattice parametersg, b, andc and unit-cell volume for
LCMR and LSMR, respectively. The lattice parameters show
a conventional contraction with decreasihgwith no detect-
able anomaly in the studied temperature interval. The tem-
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Ca, Sr, Ba, Mn, Ru, and O, respectivélfor LCMR, an
impurity phase of LaC#&RuO; (6.5% weight fraction with
monoclinic crystal structurgP2;/n symmetry® was de-
tected, while for LBMR impurity phases of BRUMn,Oqy

(Ref. 9 and BaRuQ@ (Ref. 10 were identified with weight perature dependencies 8O bond distances anB-O-B

fractions of 5.8% and 1.5%, respectively. Such impuritybonding angles for LCMR are given in Figs@aBand 3b),

phases were included in the refinements for the respectiv . _ :
sample. For LSMR, some Bragg peaks remained unindexe%'%SpeCtlvely' TheB-O bond lengths remains nearly constant

being ascribed to unidentified impurity phases. The intensity,ver the studied” interval, within ~0.005 A.
of the strongest of such peaks is 5% of the strongest peak (P_lf. Figures 4a) and 4b) show a low-angle portion of the

the main phase. The relatively poor fitting thus obtained for Igh-resolution neutron powder profile of LCMR, taken with
LSMR (x?=3.1) prevented a reliable refinement of some Ge311 monochromator aT =300 K andT=10 K, respec-

| f th in oh for thi icul tively, and the calculation according to the lattice model de-
structural parameters of the main phase for this particulag:ineq ahove. Clearly, additional contributions to the inten-

sample. o
High-intensity NPD measurements were performed forsr[Ies of the(101)/(020 and(200/(121/(002 Bragg peaks

. ) are observed af=10 K [see difference curve in Fig(#],
LCMR at the BT-7 triple axis spectrometer operated on tWO'arising from the ordering of the MRu) spins. The widths of
axis mode, using a monochromatic beam with

“ . X the FM Bragg peaks are found to be instrumental only, thus
=2.4651) A produc_ed by a pyrolytic graphl_te monochro-_ FM domains are larger thar500 A for all studied samples.
mf':ltor_. Relaxed coIIllmat|ons were employed in OFdef.tO OIOt"Figure 4c) shows a comparison between the observed pro-
mize intensity, Iegdmg toan mstrumental resolution moz_ file at T=10 K and a model including a ferromagnetic order-
~;.O—1.3 full V.V'dth at half maximum at the angul.ar r€gIoN ing for the Mn and Ru spins, yielding good agreement with
of interest to this work. The sample was placed into an Al

R L ; each other.
cylindrical can to minimize incoherent scattering by the Figure 5 shows the temperature dependence of the

sample holder. Both high-resolution and highjintensity datasummed integrated intensity of tag01), (020), (200), (002,
were collected at various temperatures in the rangenq121) NPD Bragg reflections with significant FM contri-
10-300 K, employing closed-cycle He cryostats. butions for LCMR and LSMR. Ferromagnetic ordering is
observed belowl.~200 K for LCMR andT.~250 K for
IIl. RESULTS AND ANALYSIS L_SMR, consistent with dc magnetization measurements pre-
viously performed in these sampRdable Il summarizes
Figure 1 shows the observed NPD intensities of LCMR athe magnetic properties of the studied samples, obtained
room temperaturg¢cross symbols The crystal structure of from our refinements using high-resolution NPD data except
this compound was refined using an orthorhombic perovskitevshere noted otherwise.
model (Pnmasymmetry, with Mn and Ru ions at the same  In order to search for weak magnetic signals not observ-
crystallographic site, as well as La and Ca ions. The occuable in high-resolution measurements, high-intensity energy-
panciesv were refined under the constrainggCa)+v»(Ba)  integrated NPD measurements were performed for LCMR.
=1 and »(Mn)+»(Ru)=1. Preliminary refinements showed Figure §a) shows a portion of the neutron-scattering inten-
the oxygen occupancy close to the stoichiometric valuesities at 13 K(<T,) subtracted by the intensities at 300 K
»(0)=3.002). This parameter was then fixed at 3 in subse-(>T,). Besides the magnetic Bragg peaks already seen in the
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TABLE I. Results of Rietveld refinements of neutron powder-diffraction data collected at 300 K for
Lag 54580 5-sMNg 5+RUp 503 (A=Ca, Ba. Refinements were carried out in space gréupma(No. 62).
Errors in parentheses are statistical only, and represent one standard deviation.

A Ca Ba
aA) 5.50992) 5.597%5)
b (A) 7.75533) 7.91638)
c(R) 5.48193) 5.61978)
Lag 5+5M0.5-5(X,1/4.2)
) 0.05612) 0.043)
X 0.03222) -0.006914)
z 0.00674) -0.006712)
Uiso (A2 0.012@4) 0.01019)
Mng 5+RUp5-(1/2,0,0
€ 0.08%3) 0.0243)
Uiso (A2 0.0092) 0.009
01(x,1/4,2)
X 0.48333) 0.5022)
z -0.075%4) 0.05219)
U11,Uszs (A?) 0.01837) 0.0342)
Uy, (A2 0.006810) 0.00Q3)
02 (x,y,2)
X 0.28912) 0.2533)
y 0.03872) -0.00997)
z 0.28722) 0.2533)
Uq1,Uszs (A2 0.01473) 0.0252)
Uy, (A?) 0.01316) 0.0183)
Uz (A? -0.00136) 0.0122)
(Mn,Ru)-01 (A) 1.98475) 2.00067)
(Mn,Ru)-02 (A) 1.979611) 1.9845%3)
(Mn,Ru-02 (A) 1.997@12) 1.98464)
(Mn,Ru-0 (A) 1.98716) 1.98993)
(Mn,Ru-01-Mn,Ru) (°) 155.3212) 163.23)
(Mn,Ru-02-Mn,Ru) (°) 155.517) 175.44)
Rp(%) 3.2 5.1
WRP(%) 3.8 6.3
X 1.06 1.44

@ ept fixed at the same value found fa=Ca to avoid instabilities in the fitting procedure.

high-resolution measuremerntsee Figs. é) and 4c)], as-  Figure &b) shows a similar measurement at 230 K, therefore
sociated with a FM arrangement @¥In,Ru) spins, no evi-  slightly aboveT.~ 200 K, again subtracted by the scattering
dence for additional magnetic sublattices and/or competingt 300 K. Significant short-range ferromagnetic correlations
magnetic structures or correlations were observed at lovare observed at this temperature. From the widths of the
temperatures. Particularly, a chemical ordering of Mn and Rubroad structures centered at the positions where the FM
ions in a double perovskite structure with either ferro- orpeaks develop at low temperatufsslid line in Fig. §b)], a
ferrimagnetic spin arrangement at low temperatures wouldnagnetic correlation length of 880) A is found for LCMR
lead to magnetic contributions to thi#10) and(011) Bragg at 230 K.

peaks[arrow in Fig. @a)]. The absence of such a contribu-

tion in Fig. §a) demonstrates the absence of a significant IV. DISCUSSION

volumetric fraction of the sample showing an ordered double

perovskite crystal structure and contributing to the magne- Our results indicate that a FM state with a relatively low
tism down to 10 K. In addition, no evidence of magnetic spontaneous momeft-1.8—2.Qug/(Mn,Ru)] is realized for
ordering in the impurity phases of this sample was observed.ag 5+ 5-sMNg 5+RUy 5-O3 (A=Ca, Sr,Ba No other co-

214416-3



GRANADO et al.

PHYSICAL REVIEW B 70, 214416(2004)

— 1 T T
3-521 T=300K
-234.0
5.50 - 1
< o @, s A
[7] 5.48_ °< N " ] ! ' 1 I\mew\ MHI \” [l
B 2335 5 "
e g ’é‘ L T LI
g 5.56 L239.5 'S § | 7K
~ = 3 (020) (200)
2 o ) (101) (121) 1
= 5.54 12390 B = . (002)
=l =] 2z rorepenas e P S
.G III 1 I"—-I--I 1 ! I“"'W"‘ ‘\‘ I J‘H\I \” -
552 8 A Aot
-238.5 g 5] L
5.50 '
300
1 J
©) NN ORI | ;\J\
FIG. 2. Temperature dependence of the lattice parameters rm—— DanOtersasinds - i
(filled circles), b/ 2 (open circleg andc (filled tringles, and unit- ¥
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b) L I0.5-sMNg 5+R Uy 5-O3. ’ 1. )
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existing magnetic sublattices were detected. In addition, this ) ) i
system does not display lattice anomalies that might be as- F'C: gﬁ Low angle portion ‘f’f the Obser\'cled h'%h'resg““o”
sociated with orbital ordering, or volumetric changesTat neutron-d Lacnortw mtgggn:;es 3 bl"%+5c Tg‘é ?Oif*f Uozfr‘]f tt?
due to an increase of the kinetic energydodlectrons in the (C'0SS symbolsat (2 and (b), (¢) 10K, taken with the
FM phase, as observed in FM manganites without Ru Subc_5<3(311) monochromator. Calculated intensitisslid lineg are also

' iven, for a nuclear-only mode(a), (b), and for a nuclear

stitution. We note that the system studied here is not metalli ferromagnetic model for the Mn and Ru spi@s. The difference
and does not show an appreciable change in conductivity Ebtrofiles are also shown. Short vertical lines correspond to Bragg

the onset of the FM pha_§e. _ _ peak positions for the main phageppey and for the LaCsRuQ;
As a first step to rationalize the above observations, &mpyrity phaselower).

discussion of the oxidation states of the Mn and Ru ions is
worthwhile. Two possibilities arise from the charge neutral-
ity condition for the formula unit(i) Mn?*—Rw*, and (ii)
Mn3*-Ru**. Based on our results, we argue agaist In
fact, the large differences between Mrand R&* in either
electrostatic chargée) and ionic radiug0.265 A) (Ref. 11)
would most likely lead to a chemically ordered double per-

ovskite structuré. Given the large differences between the
nuclear neutron-scattering factors of Mn and ®ith oppo-
site signs, see Sec. Il abgya significant volume fraction of
such an ordered structure would be readly identified in our
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FIG. 5. Temperature dependence of the summed integrated in-
FIG. 3. Temperature-dependence () B-O bond lengths tensity of the(101), (020), (200), (002), and(121) Bragg reflections
(B=Mn,Ruy and (b) B-O-B bonding angles for which have significant contributions from a ferromagnetic spin ar-

Lag 5+5C8 5-sMNg 5+RUp 5-O3. rangement of Mn and Ru spins. Solid curves are guides to the eye.
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TABLE Il. Summary of the magnetic properties of d8s5705-sMNg5+RUy5-O3 (A=Ca, Sr, Ba
samples, obtained from the refinements of neutron powder-diffraction data.

A Ca Sr Ba
Magnetic structure Ferromagnetic Ferromagnetic Ferromagnetic
Ordered moments at 10 K 1. @ g/ (Mn, Ru) 1.835)/(Mn,Ru) 1.964)/(Mn,Ru)
T ~200 K ~250 K ~200 K2

aTaken from Ref. 6.

NPD profiles, which was not the cagsee Fig. L Even the  Lags5.,Sh5Mng sRUy sO; was found to show a transition
presence of a significant volumetric fraction of short-rangefrom random to ordered distribution of Mn and Ru ions at
chemically ordered domaifis not consistent with our mea- x=0.012 Nonetheless, our NPD results show that a chemi-
surements. In fact, the magnetic state at low temperaturegflly ordered state is not representative of the bulk of the
associated with such hypothetical clustéeither ferro- or LCMR, LSMR, and LBMR samples studied in this work. A
ferrimagneti¢ would lead to additional structures in our low- chemically disordered perovskite phase for LSMR was also
temperature NPD profiles, centered at positions such a&ported by Horikubket al’®

(110/(011) in Fig. 6. As a final argument against a signifi- N Vview of the above, the g, sA05-sMnNo5+RUp5-Os
cant presence of Mi/Ruw* pairs, the expected average (A=Ca,$r,Ba con+1pounds f‘.‘ay b_e descrlped as a random
(Mn,Ru—O distance for this configuration is 2.10%. distribution of Mr?* and Rd* ions in theB site of a perov-

much larger than the observed values..99 A (see Table)l skite structure. It is remarkable that a long-range FM state
We note that the averag®in, Ru)—O distance expected for cansurvive to such a degree of random Ru substitution at the

Mn3*/Ru* is 2.03 AL fairly close to the experimental val- Mn site. We base our discussion upon a scenario proposed by

. 3 . : : S
ues. The remaining discrepancy may be partly ascribed to Iglartm et al® to explain the rapid quenching of the orbital

. . . ordered state and the development of a FMM phase in
possible presence of a small fraction of ¥ror RWP* ions . ) )
o Sm, sCa sMnO; with relatively small levels of Ru substitu-
caused by off-stoichiometry effectss, e+ 0). We should ; . :
: . . S tion. According to this, the spatially extended character of
mention that superlattice Bragg reflections indicative of

chemically ordered double perovskite structure have be:‘the Ru 4l orbitals would lead thed: & states to participate
y P [h the band formation and contribute to make it broader,

:tklsd?;\(/jed E}érglecx?sr:) d'ﬁrtzzt'onCIogt;?esztrsuiTﬁeSanggleﬁroducing a FM coupling mechanism between mixed-valent
' ' y Mn and Rd* ions based upon an enhancement of the double
exchange interaction. We note that a broadening ofethe

3 @ T (1015 (020)1 T band by Mn/Ru hybridization would lead to a FM coupling
1 200).(121 between Mn and Ru only if the, band is partially filled, i.e.,
24 (200),(121) the ey density of states must be finite at the Fermi level. In

(110) (002) 7 the present case, our NPD measurements suggest that the Mn

(011) oxidation state is close to Mt (see discussion aboyewith
14 onegy electron per Mn ion. In this case, the likelyhoodegf
\ charge carriers increases with the ratio of #ebandwidth

13K -300K by the energy splitting. The presence of Ru ions is believed

to increase theg; bandwidth by Mn/Ru hybridization, and
, I T I I may decrease the Jahn-Teller splitting, since the local distor-
e 024 230K -300K (b} S tion of the Mr?*Og octahedra might be smoothed out by the
chemical disorder. It is therefore not unreasonable to assume
the presence of a significagj density of states at the Fermi

1) level in L& 5:520.5-sMNg 54RUy 5-O03 (A=Ca, Sr,Ba. If this
I ]I‘ W . assumption is correct, the above carrier-mediated mechanism
v‘ l

for the FM coupling may be valid. We note that the possible
presence of a small fraction of Mhions (see abovemight
create holes in the, band, favoring the FM coupling. We
should mention that transport measurements do not show
0!1 sz 0!3 0!4 metallic behavior belowl, although resistivity was found to
1d (A‘l) be significantly low with a thermal behavior not characteris-
tic of conventional semiconductotsin fact, a presumably
FIG. 6. High-intensity difference neutron profiles for Small carrier density combined with the strong chemical dis-
Lag 5:sCa.5-s;MNg 5.Rlp 5-O3: (@) 1(13 K)—1(300 K), and (b)  order of this system would make a metallic state highly un-
1(230 K)—1(300 K), highlighting the magnetic scattering well be- likely even in the FM phase, due to Anderson localization.
low and slightly abovd, respectively. The smooth solid line ) More direct investigations of the electronic structure of this
is a two-Gaussian fit to the experimental data. system are required in order to confirm or dismiss the valid-
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ity of the above scenario. Notice that this is consistent with avin®* and Rd* ions show degenerate orbitals. However,
previous report evidencing the presence of double exchangee FM ground state actually observed in this system, with
interactions in Lg-Ply sMn;_,Ru,O3 up to large levels of Ru  no cooperative distortions of tHéIn, Ru)Og octahedrgsee
substitution (x~0.4.> We should mention that a FM Table |) and/or lattice anomalies that might be associated
Mn3*-Ru** superexchange interactiris possibly another with OO (see Figs. 2 and)3contradicts such an expectation,
important ingredient that may lead to the robust ferromagingicating that Ru substitution actually inhibits OO. In fact,
netism  found in L@si.A0s-sMNoseRUs-O3 (A previous studies indicate that even a light Ru substitution
=Ca, Sr,Ba On the other hand, the same valueSofound  quenches orbitally ordered states in half doped mangahites.
for A=Ca andA=Ba (see Table Il despite the large differ- The most likely explanation for this tendency stems from the
ences in the(Mn,Ru)-O-(Mn,Ru) superexchange angles gpatially extended character of the Rdigtates: the M#t
(see Table )l are intriguing, and suggest that superexchanggypitals would have a tendency to point along the neighbor-
alone is not sufficient to understand the magnetic propertiemg Ru ions, in order to take full advantage of the strong
of this system. Mn-Ru hybridizatior® Notice that each M# ion has two
The ordered moments found at low temperature§,, ,p neighbors along each binding direction. Thus each
(~1.8-2.Qug/(Mn, Ru), see Table W are significantly lower Mn3* e, orbital would point to the direction with most Ru
than th? &B/SMn’RU) expected_for a+ FM arrangement of ions. This effect may freeze the orbital degree of freedom of
high-spin MIF* (4ug) and low-spin R&" (2ug) moments in Mn3* g, and possibly Rf t,, electrons. In a crystal structure
a spin-only atomistic picture. We first note that the Rii 4 o 0 distributionz%f Ru and Mn ionisee Sec. 1),

states are highly hybridized with Op2which may reduce i ; .
the Ru moments. We mention that SrRu@nd SkRu;04¢ tgggsrz?sti OO would be prevented, leading to an orbital

are metallic ferromagnets with saturated magnetic momen In conclusion our NPD results on
+ 15,16 i i i ’
well below 2ug/Ru*. Second, the random distribution Lag 5.5 Mo 6nRUp s..O5 (A=Ca, St B show a perov-

of Mn and Ru ions in the lattice might lead to some sites it tal Struct h hemical orderi Mand
with frustrated exchange interactions in the FM lattice, leagSXl€ Crystal structure with no chemicar ordering ot ivian

;o . ; :
ing to local spin reversal and/or loss of spin collinearity. ARu4 lons. No ewdence of Iong—range orbital qrderlng was
combination of the two effects above may lead to the re_observed, possibly due tq a_f_reezmg of the orblta! de_gree of
duced FM moments observed by NPD freedom caused by a significant Mn-Ru hybridization. A
In transition-metal compounds with a significant densitylong-range FM spin structure was observed. This result was

of degeneraté,, ande, orbitals, strong tendencies for orbital ascnt.)ed.to the spatially extended characte_r of Ruetels,
ordering(OQ0O) r?ave ggen identifietf. The spin states associ- contributing to broade_n.theg ba’?d and leading to the pres-
ated with OO are generally antiferromagnetic, therefore O nce of a small but finite density .@5 states at the Ferm_|
and ferromagnetisn(satisfying double exchange interac- evel_. Such states may lead to carrler-m_e_dlated FM co_upllr_lg.
tions) tend to be competing ground states. Such a competil-n this context, th_e nonmetallic conductllwty_ observed in this
tion is believed to be a decisive ingredient leading to the ric ysteni was ascrlbe_d to Anderson localization caused by the
phase diagram observed in manganites, in addition to tende arge Ru/Mn chemical disorder.

cies for charge ordering for specific concentrationsegf

electrons, which also favors OO. In the present case, the FM ACKNOWLEDGMENTS
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